An in situ single point two-color laser interferometer is used to monitor in realtime the thickness of thin transparent films during processing. The instantaneous change of film thickness is determined by comparing the measured laser reflection interference to that calculated by a model. The etch or deposition rates of the film are determined within 1-2 seconds. The film thickness is also determined in real-time from the phase difference of the reflected laser intensity between the two laser colors. Use of two-color laser interferometry improves the accuracy of the calculated etch or growth rates of the film considerably. Moreover, the two colors provide a clear distinction between film etching and deposition, which may often occur during the same process, and can not be determined by a single color interferometer. The uniformity of the film's etch or deposition rates across the substrate is monitored by an in situ full-wafer image interferometer. The combined use of these two sensors provide instantaneous information of the film thickness, etch or growth rates, as well as time averaged uniformity of the process rates. This diagnostic setup is very useful for process development and monitoring, which is also suitable for manufacturing environment, and can be used for realtime process control.
INTRODUCTION
Real-time monitoring and control of film etching or deposition is one of the most important goals of thin-film processing. In situ sensors, capable of directly monitoring the film's properties in real-time, are the key element to improve the stability of a process to produce the required film quality as well as to increase the product yield. Plasma processing of materials is a relatively complex and sensitive process that depends on a large parameter space. Therefore, real-time monitoring and control are necessary to compensate for changes and drifts that commonly occur in these processes. In order to achieve reliable process control an appropriate in situ sensor should be used. The diagnostic sensor has to have the sensitivity, resolution and temporal response to match the desired process objectives. Laser Reflectance Interferometry (LRI), being a noninvasive and nondestructive diagnostic technique, is a very useful and relatively easy to use diagnostic to monitor, in real-time, the thickness of the film.
LRI has long been used to monitor thin film etching (1) (2) (3) as well as deposition of films such as amorphous silicon (4) and diamond (5) films, but is commonly used to find the time-averaged etch (6) and deposition (4, 5) rates. In this paper, we extract real-time information from the LRI data, that enables us to calculate instantaneous etching or deposition rates. The real-time algorithm for process rate determination is based on a recent work (7, 8) that is optimized for transparent thin films to allow fast data processing. The technique is applicable to any type of a thin transparent film composed of single or multi-layer stacks. The instantaneous rate obtained by this sensor, typically within a second, will be used as an input for a real-time process control algorithm. The fast rate calculation is important when a very thin film, fraction of a fringe (single periodic cycle), is grown or etched at a relatively fast rate, which limits the available time for calculation. Also, the dependence of the process rate on various tool parameters, such as rf-power, pressure, flow rates, and gas additives concentrations, enables a quick real-time characterization of the process.
Laser interferometry is commonly used as a single point measurement, thereby, it is insensitive to non-uniformity across the substrate. To monitor the uniformity of the average process rates during film etching or deposition an in situ Full Wafer Image Interferometer (9) (FWII) is used. The FWII uses a spectrally filtered plasma light emission to detect the interference of light reflected from the top and the bottom of the film. A single wavelength, usually the strong line emission of the plasma, is selected by an interference filter. Optical lenses image the desired area of the film onto a CCD detector capturing the light reflectance from distinct regions on the substrate. The uniformity of the time averaged process rates across the sampled area is
